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$FFXUDWH DQG UHOLDEOH SUHGLFWLRQ RI HOHFWURWKHUPDO EHKDYLRXU RI GLIIHUHQW FRQGXFWLQJ PDWHULDOV FRQWDLQLQJ
FRQIOLFWLQJ SURSHUWLHV LV RI JUHDW LPSRUWDQFH IRU LPSURYHG SHUIRUPDQFH DV ZHOO DV LQWHJULW\ DVVHVVPHQW RI
PLFURHOHFWURQLFGHYLFHV6RLQPLFURHOHFWURQLFVGHYLFHVWKHVHOHFWLRQRISURSHUPDWHULDOVEHFRPHVDYHU\GLIILFXOW
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SRZHUODZIXQFWLRQDVDGRSWHGIRU WKHFRPSRVLWLRQYDULDWLRQ7KHJHRPHWULFDOQRQXQLIRUPLW\RI WKHPHWDO OLQH LV
PRGHOOHG E\ D W\SLFDO FRQYHUJLQJGLYHUJLQJ VKDSH ZLWK D YDULDEOH UHFWDQJXODU FURVV VHFWLRQ )LQLWHGLIIHUHQFH
WHFKQLTXH LV XVHG IRU WKH QXPHULFDO VROXWLRQ RI WKH SUHVHQW FRXSOHG PXOWLSK\VLFV SUREOHP 7KH HOHFWURWKHUPDO
UHVSRQVHVRIWKHQRQXQLIRUP)*0PHWDOOLQHDUHGHPRQVWUDWHGLQFRPSDULVRQZLWKWKRVHRIWKHFRQVWLWXHQWPHWDO
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2.1. Electrical problem 
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FRUUHVSRQGV WR WKH FXUUHQW RXWOHW SRUW )RU WKH WKHUPDO SUREOHP WKH WHPSHUDWXUHV DW WKH WZR HQGV RI WKH OLQH DUH
DVVXPHGWREHNQRZQ,WLVPHQWLRQHGWKDWDOOSRVVLEOHSK\VLFDOFRQGLWLRQVDWWKHHQGVFDQUHDGLO\EHDFFRPPRGDWHG
6WDWHPHQWRIWKHHOHFWURWKHUPDOSUREOHP
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DVVXPHG WREH I $7KH)*0 OLQH LV DVVXPHG WREH FRPSRVHGRI WZRPHWDOV IRU H[DPSOHCu DQGAl WKH
FRPSRVLWLRQRIZKLFKYDULHVRYHUWKHOLQHVSDQIROORZLQJDJHQHUDOSRZHUODZZLWKDPDWHULDOFRPSRVLWLRQLQGH[n
7KHHQWLUHPHWDO OLQHLVDVVXPHGWREHHOHFWULFDOO\ LQVXODWHGH[FHSWIRU WKHWZRHQGV)RU WKHVROXWLRQRIHOHFWULFDO
SUREOHP LQDGGLWLRQ WR WKHJLYHQFXUUHQWGHQVLWLHVDW WKH WZRHQGVRI WKH OLQH WKH]HURSRWHQWLDOFRQGLWLRQ LVDOVR
VDWLVILHGDWLWVPLGOHQJWKSRVLWLRQ)RUWKHWKHUPDOSUREOHPIL[HGWHPSHUDWXUH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HQGFRQGLWLRQVZHUHXVHGIRU
WKH WZR HQGV RI WKH ZLUH 7KH VXUIDFH RI WKH OLQH LV DVVXPHG WR WUDQVIHU KHDW E\ FRQYHFWLRQ WR WKH VXUURXQGLQJ
HQYLURQPHQWZKLFKLVDWDWHPSHUDWXUHRI.7KHFRQYHFWLRQKHDWWUDQVIHUFRHIILFLHQWLVDVVXPHGWREHFRQVWDQW
:P.IRUWKHHQWLUHVSDQRIWKH)*0OLQH
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(T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$ 0$7/$% EDVHG FRPSXWHU FRGH KDV EHHQ GHYHORSHG WR VROYH WKH FRXSOHG HOHFWURWKHUPDO SUREOHP 7KH
UHVXOWLQJ WULGLDJRQDO V\VWHPV RI DOJHEUDLF HTXDWLRQV DUH VROYHG IRU WKH QRGDO WHPSHUDWXUHV E\ WKH PDWUL[
GHFRPSRVLWLRQPHWKRG)RU WKHFDOFXODWLRQRIVHFRQGDU\SDUDPHWHUVRI LQWHUHVWQDPHO\FXUUHQWGHQVLW\HOHFWULFDO
KHDW JHQHUDWLRQ HWF ERWK WKH WKUHHSRLQW IRUZDUG DQG EDFNZDUG DV ZHOO DV FHQWUDO GLIIHUHQFLQJ VFKHPHV ZHUH
DGRSWHGWRNHHSWKHRYHUDOORUGHURIHUURUWKHVDPH2h$WRWDORIQRGDOSRLQWVKDYHEHHQXVHGWRGHVFULWL]H
WKH FRPSXWDWLRQDO GRPDLQ 7KH FRQYHUJHQFH DVZHOO DV WKH VWDELOLW\ RI WKH QXPHULFDO VROXWLRQ KDV KRZHYHU EHHQ
YHULILHGE\YDU\LQJWKHQRGDOSRLQWVIURPWR
$QDO\VLVRIWKHHOHFWURWKHUPDOUHVSRQVHV
7KLVVHFWLRQGHVFULEHVWKHHOHFWURWKHUPDOUHVSRQVHVRID)*0PHWDOOLQHVXEMHFWHGWRDGLUHFWFXUUHQWILHOG
$[LDOSRVLWLRQx/L
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)LJ'LVWULEXWLRQRIDHOHFWULFSRWHQWLDODQGEFXUUHQWGHQVLW\DORQJWKHQRQXQLIRUP)*0OLQHV
7KHGLVWULEXWLRQVRIHOHFWULFSRWHQWLDODQGWKHUHVXOWLQJFXUUHQWGHQVLW\DORQJWKH)*0DVZHOODVWKHFRQVWLWXHQW
PHWDOOLQHVDUHVKRZQLQ)LJ)LJDVKRZVWKDWWKHSRWHQWLDOGLVWULEXWLRQVIRUDOOWKH)*0OLQHVZLWKGLIIHUHQW
FRPSRVLWLRQLQGH[nUHVLGHLQEHWZHHQWKRVHRI WKHSDUHQWPHWDO OLQHV$VWKHYDOXHRIn LQFUHDVHV WKHSRWHQWLDO
FXUYHLVIRXQGWRVKLIWWRZDUGVWKDWRICuOLQHZKLFKLQWXUQYHULILHVWKHIDFWWKDWWKHFRQFHQWUDWLRQRI&XLQ)*0
LQFUHDVHVZLWKKLJKHUYDOXHVRIn7KLVFDQDOVREHUHDOL]HGIURP)LJWKDWZLWKWKHLQFUHDVHRIFRPSRVLWLRQLQGH[
nERWKHOHFWULFDO UHVLVWLYLW\DQG WKHUPDOFRQGXFWLYLW\RI)*0DSSURDFK WRZDUGV WKRVHRICu)LJEVKRZV WKH
GLVWULEXWLRQRI LQSXWFXUUHQWGHQVLW\J appliedDQG WKHFXUUHQWGHQVLW\REWDLQHGE\ WKHSUHVHQWVLPXODWLRQ i.eJ
UHSURGXFHGDORQJWKHPHWDOOLQH6LQFHWKHFXUUHQWVXSSO\LVNHSWFRQVWDQWWKHGLVWULEXWLRQRIFXUUHQWGHQVLW\J  
IAGHSHQGVRQO\RQWKHFURVVVHFWLRQDODUHD7KDWLVZK\WKHGLVWULEXWLRQVRIFXUUHQWGHQVLW\IRUDOOWKHPHWDOOLQHV
DUHLGHQWLFDO0RUHRYHUWKHFDOFXODWHGFXUUHQWGHQVLW\GLVWULEXWLRQDJUHHVYHU\ZHOOZLWKWKHDFWXDOFXUUHQWGHQVLW\
ZKLFKLQWXUQYDOLGDWHVWKHSUHVHQWILQLWHGLIIHUHQFHQXPHULFDOVROXWLRQIRUWKHHOHFWULFSUREOHP
)LJXUHGHVFULEHV WKHYDULDWLRQRI WKHUHVXOWLQJWHPSHUDWXUHDORQJWKH)*0OLQHVXQGHU WZRGLIIHUHQWSK\VLFDO
FRQGLWLRQV RI LQWHUHVW ZKLFK DUH EDUH OLQH DQG EXULHG OLQH 7KH EDUH OLQH FRQGLWLRQ LV DSSUR[LPDWHG E\ DOORZLQJ
FRQYHFWLRQRIKHDWWRWKHVXUURXQGLQJIURPWKHHQWLUHVXUIDFHRIWKHOLQHZKHUHDVWKHVXUIDFHVRIWKHEXULHGOLQHDUH
DVVXPHGWREHWKHUPDOO\LQVXODWHG)RUWKHLQGLYLGXDOPHWDOOLQHVWKHGLVWULEXWLRQVDUHIRXQGWREHV\PPHWULFDERXW
WKHPLGOHQJWKSRVLWLRQDWZKLFKWKHPD[LPXPWHPSHUDWXUHLVGHYHORSHG+RZHYHUWKLVLVQRWWKHFDVHIRUWKH)*0
OLQHVLQZKLFKWKHPD[LPXPWHPSHUDWXUHSRVLWLRQLVVKLIWHGVOLJKWO\WRZDUGVWKHULJKWIURPLWVPLGOHQJWKSRVLWLRQ
)LJDUHSUHVHQWVWKHWHPSHUDWXUHSURILOHVRIEDUHOLQHV)LJEGHVFULEHVWKHFRUUHVSRQGLQJWHPSHUDWXUHSURILOHV
IRU WKHFDVHRIEXULHG)*0OLQHVZKLFKDUH IRXQG WREHYHU\VLPLODU WR WKRVHRIEDUH OLQHV LQ WHUPVRIQDWXUHRI
YDULDWLRQEXWWKH\GLIIHUTXLWHVLJQLILFDQWO\LQWHUPVRIPDJQLWXGH7KLVLVTXLWHORJLFDOEHFDXVHLQFDVHRIEXULHG
OLQHVQRKHDWLVORVWWKURXJKFRQYHFWLRQWRVXUURXQGLQJVWKHUHE\UDLVLQJWKHRYHUDOOVWDWHRIWHPSHUDWXUHWRDKLJKHU
OHYHOFRPSDUHGWRWKHFDVHRIEDUHOLQHV$JDLQLQWKLVFDVHDVWKHYDOXHRIQLQFUHDVHVWKHWHPSHUDWXUHSURILOHVKLIWV
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WRZDUGV WKDW RI &X OLQH WKHUHE\ VKRZLQJ D FRSSHU OLNH FKDUDFWHULVWLF RI WKH )*0 OLQHV DW KLJKHU YDOXHV RI WKH
FRPSRVLWLRQLQGH[Q
$[LDOSRVLWLRQx/L
     
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)LJ7HPSHUDWXUHGLVWULEXWLRQDORQJWKH)*0OLQHVDEDUHOLQHVEEXULHGOLQHV
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)LJ0D[LPXPWHPSHUDWXUHGHYHORSHGLQ)*0OLQHVDVDIXQFWLRQRIDFRPSRVLWLRQLQGH[nDQGEQXPEHURIQRGDOSRLQWV
)LJXUHDGHVFULEHVWKHYDULDWLRQRIPD[LPXPWHPSHUDWXUHGHYHORSHGLQ)*0DVZHOODVFRQVWLWXHQWSXUHPHWDO
OLQHVDVDIXQFWLRQRIFRPSRVLWLRQLQGH[n)RUn WKHPD[LPXPWHPSHUDWXUHREWDLQHGFRUUHVSRQGVWRWKHFDVHRI
SXUHAlPHWDO OLQH$Vn LQFUHDVHVTmax GHFUHDVHV DQG DSSURDFKHV WRZDUGV WKHTmax REWDLQHG IRU SXUHCu OLQH$
VLPSOH LQYHUVH DQDO\VLV WHOOV WKDW LI WKH PD[LPXP WHPSHUDWXUH UDLVHG LV VSHFLILHG DORQJ ZLWK WKH OLQH FRQGLWLRQ
EDUHEXULHGWKHQWKHUHTXLUHGPDWHULDOFRPSRVLWLRQFDQEHREWDLQHGIURPWKHJUDSK7KXVWKHSUHVHQWDQDO\VLVLV
FDSDEOH RI SURYLGLQJ D VLPSOH JXLGH WR RSWLPXP GHVLJQ RI )*0PHWDO OLQHV XQGHU D GF ILHOG )LQDOO\ )LJ E
GHVFULEHVWKHPHVKVHQVLWLYLW\DQDO\VLVRIWKHSUHVHQWFRPSXWDWLRQDOVFKHPH+HUHWKHVDPHFRPSXWDWLRQDOGRPDLQ
RIWKH)*0OLQHLVGLVFUHWL]HGZLWKYDULRXVQXPEHUVRIQRGHVYDU\LQJIURPWR7KHVROXWLRQRIWKHSUREOHP
i.e.WKHPD[LPXPWHPSHUDWXUHUDLVHGLQWKH)*0OLQHLVSORWWHGDJDLQVWWKHQXPEHURIQRGHVXVHGWRGLVFUHWL]HWKH
GRPDLQ,WLVREVHUYHGWKDWIRUORZHUYDOXHVRIQRGHVWKHPD[LPXPWHPSHUDWXUHVOLJKWO\GHFUHDVHVZLWKWKHLQFUHDVH
RIQRGHQXPEHUV+RZHYHUIXUWKHULQFUHDVHRIWKHQRGHQXPEHUFDXVHVQRVLJQLILFDQWFKDQJHLQWHPSHUDWXUHDQGWKH
FXUYHEHFRPHVIODWZKLFKLQGLFDWHVVWDEOHVROXWLRQIRUWKHVHYDOXHVRIQRGHQXPEHUV
&RQFOXVLRQV
(OHFWURWKHUPDOUHVSRQVHRIDWKLQQRQXQLIRUP)*0OLQHLVLQYHVWLJDWHGXQGHUWKHLQIOXHQFHRIDGLUHFWFXUUHQW
ILHOGWDNLQJLQWRDFFRXQWWKHGLVWULEXWLRQRIPDWHULDOFRPSRVLWLRQDVDSRZHUODZIXQFWLRQRIVSDWLDOFRRUGLQDWH,WLV
REVHUYHG WKDW WKH HOHFWULF SRWHQWLDO DQG WHPSHUDWXUH DV ZHOO DV WKHLU GLVWULEXWLRQV DORQJ WKH )*0 OLQH GLIIHU
VLJQLILFDQWO\IURPWKRVHRIWKHLQGLYLGXDOFRQVWLWXHQWPHWDOOLQHV0RUHRYHUWKHHIIHFWRIPDWHULDOFRPSRVLWLRQLQGH[
f
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RQ WKH HOHFWURWKHUPDO UHVSRQVH RI )*0 OLQH LV IRXQG WR EH TXLWH VXEVWDQWLDO ZKHUH WKH PD[LPXP WHPSHUDWXUH
GHFUHDVHVZLWK WKH LQFUHDVH RI LQGH[YDOXH7KHSUHVHQW LQYHVWLJDWLRQ UHYHDOV WKDW D VLPSOH LQYHUVH DOJRULWKPFDQ
UHDGLO\EHXVHGWRVHOHFWWKHDSSURSULDWHPDWHULDOFRPSRVLWLRQSURILOHIRUD)*0OLQHWKDWUHTXLUHVVDWLVI\LQJDJLYHQ
ZRUNLQJFRQGLWLRQLQHOHFWURQLFSDFNDJHV)LQDOO\WKHUHVXOWVDUHFODLPHGWREHKLJKO\DFFXUDWHDQGUHOLDEOHZKLFK
DUHH[SHFWHGWRSURYLGHDYDOXDEOHGHVLJQJXLGHWRIXQFWLRQDOO\JUDGHGPHWDOOLQHVLQPRGHUQHOHFWURQLFGHYLFHV
5HIHUHQFHV
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